Introduction
Gastrin exerts growth-promoting eects on normal and malignant gastrointestinal tissues (Johnson, 1977; Singh et al., 1986; Solomon et al., 1987) and on various established cell lines (Kuzyk et al., 1986; Sethi and Rozengurt, 1992) . The proliferative eect has been shown to be mediated by the G protein-coupled gastrin/CCK B receptor (G/CCK B ) (Seva et al., 1990) . We have identi®ed recently, in the AR4-2J tumor cells, some of the signal transduction events that are responsible for the growth-promoting eects of gastrin through the G/CCK B receptor. Gastrin induces phospholipase C (PLC) activity leading to intracellular inositol triphosphate (IP3) liberation and diacyl glycerol (DAG) production (Seva et al., 1994) which in turn activate intracellular Ca 2+ mobilization and protein kinase C (PKC) activity (Bertrand et al., 1994) . Furthermore, gastrin has been shown to control rasdependent mitogen-activated protein kinases (MAPK) activation. The peptide induces tyrosine phosphorylation of shc proteins and subsequently their association with the complex composed of Grb2 and the p21-ras activator, Sos (Kowalski-Chauvel et al., 1996) . Gastrin, like many ligands that promote growth eects involving the ras-dependent MAPK pathway, regulates the expression and the transcriptional activation of numerous early genes such as c-fos and c-jun (Todisco et al., 1995) . These genes take part in dierent programs of cell activation, and they play an important role in the propagation of mitogenic signals.
One gene induced by gastrin in AR4-2J cells is ornithine decarboxylase (ODC, EC: 4/1/1/17) (Scemama et al., 1989) , the ®rst limiting enzyme in the biosynthesis of polyamines which are small cationic molecules required for cell growth (Pegg, 1986) . ODC behaves as a proto-oncogene product since its expression in rodent cells leads to transformation (Auvinen et al., 1992) . We have recently demonstrated that both mRNA accumulation and alternative splicing coupled with translation stimulation were in part responsible for high levels of ODC protein observed in AR4-2J cells (Pyronnet et al., 1996) . The changes in mRNA level and alternative splicing however still could not explain the dramatic increase of ODC expression, suggesting the possibility of additional post-transcriptional regulation.
The ODC mRNA has a long 5' untranslated region (5'UTR) that is predicted to form stable secondary structures and has been shown to inhibit initiation translation by interfering with the`scanning' of ribosomal initiation complexes (Greens and Scheer, 1990; Manzella et al., 1991) . One way in which the translation of mRNAs with extensive secondary structures might be regulated is the activation of translation initiation factors that melt mRNA secondary structures. A speci®c initiation factor, eIF-4F, mediates the function of the cap (m7GpppX where X is any nucleotide). The cap facilitates mRNA binding to ribosomes, a step which is rate-limiting in translation. eIF4F consists of three subunits; eIF4E (the cap binding subunit), eIF4A (an RNA helicase) and a high molecular weight subunit, eIF4G (which bridges between eIF4E and eIF4A) (for a review see Sonenberg, 1993) . Because of its limiting amount in the cells, eIF4E has been hypothesized to play a crucial role in regulation of translation initiation (LazarisKaratzas et al., 1990) . In agreement with this, overexpression of eIF4E in rodent cells causes their transformation. Lately, a novel repressor of eIF4E function, termed 4E-BP1 (eIF4E binding protein-1) was characterized. Interaction of 4E-BP1 with eIF4E results in the inhibition of cap-dependent but not capindependent translation and 4E-BP1 overexpression reverts malignant phenotype of cells transformed with eIF4E or v-src. This translation inhibition can however be reverted by phosphorylation of 4E-BP1 in response to mitogens, which decreases 4E-BP1 anity for eIF4E . 4E-BP1 phosphorylation is rapamycin sensitive. Rapamycin is an immunosuppressant drug that blocks progression of the cell cycle at the G1 phase (Schreiber, 1991) . The compound forms a complex with the immunophilin FK506 binding protein (FKBP). This complex binds to a FKBP12-associated protein (FRAP) which is involved in the activation of p70 S6K , the kinase responsible for the phosphorylation of the ribosomal protein S6. S6 phosphorylation is presumed to play an important role in the translation of polypyrimidine-tract containing mRNAs (Brown et al., 1994) . In mammalian cells, rapamycin causes inhibition of general translation between 15 and 40% in dierent cell lines. It has been postulated that rapamycin speci®cally inhibits cap-dependent translation through the FRAP signaling pathway which would aect 4E-BP1 phosphorylation (Beretta et al., 1996; Von Manteuel et al., 1996) .
In this paper, we ®rst demonstrate that gastrinstimulated ODC biosynthesis occurs at the level of translation in AR4-2J cells. We therefore used chimeric constructions in transient expression studies to evaluate the potential in¯uence of dierent 5'UTRs in gastrincontrolled ODC production. These constructions contained various 5'UTRs generated by alternative splicing linked to the CAT reporter gene. As the dependence on the cap structure, eIF-4E and 4E-BP1 for translation is directly correlated with the degree of secondary structures in the 5'UTR we then investigate the possibility that rapamycin reduces basal and gastrin-induced ODC biosynthesis. In addition, we examined 4E-BP1 phosphorylation and eIF-4E function in basal and gastrin-treated AR4-2J tumoral cells.
Results

Gastrin induces ODC biosynthesis
Exposure of the AR4-2J tumor cells to gastrin (10 nM) led to a sustained stimulation preceded by a rapid and transient fall in ODC activity. The stimulated ODC activity reached a peak after 3 h (215% above control), and maintained for up to 6 h ( Figure 1a ). Western blot experiments using ODC-antiserum showed a direct correlation between the enzyme activity and the amount of ODC protein. Gastrin induces a 2.4-fold increase in ODC accumulation after 4 h (Figure 1b) .
To examine the rate of turnover of ODC, cells were pre-treated with cycloheximide (10 mg/ml) and the decreased ODC activity and protein were monitored. In cells incubated with gastrin, the biological half-life of both enzyme activity (Figure 2a , ®lled circles) and ODC protein (Figure 2b ) was 17 min. It was 15 min for enzyme activity in untreated cells (Figure 2a , open circles). This non signi®cant dierence did not account for the 250% activation, suggesting that treatment with gastrin induced ODC mainly at the level of mRNA accumulation or during translation, not later.
Gastrin-mediated induction of ODC protein is posttranscriptional
In order to ®nd out whether the stimulation of ODC activity was due to the changes in the level of ODC mRNA, total RNA was isolated from the tumoral cells treated with or without gastrin 10 nM and the relative abundance of mRNA for ODC was measured by Northern blot analysis (Figure 3 ). Two species of ODC mRNA were observed (2.2 and 2.6 kb). In previous Subcon¯uent serum-deprived cells were exposed to 10 nM gastrin; ODC activity was measured for the indicated times. Each point represents the mean+s.d. of three separate experiments each performed in triplicate. Two cm plates of cells were harvested and assayed for ODC activity individually as described under Materials and methods. ODC activity at time 0 was 2.1 nmol CO 2 /mg protein/h. (b) Western immunoblotting was performed with cells lysates that were also prepared for ODC activity measurement. Cells were treated 4 h with (lane 2) or without (lane 1) 10 nM gastrin. Twenty micrograms of total protein were size fractionated on a 12% SDS-polyacrylamide gel, then immunoblotted. Detection of ODC protein was carried out as described in Materials and methods. Histograms represent quanti®ed results expressed in`relative area' studies these species were shown to arise from size heterogeneity at their 3' termini. The rat ODC premRNA contains two functional AATAAA signals for poly(A) + addition (Hickok et al., 1986) . The ODC mRNAs level in the cells treated with gastrin was comparable to that in control cells (Figure 3 , compare up to down panel). These results suggested that gastrin treatment of cells induced ODC activation posttranscriptionally.
To con®rm this hypothesis, induction of ODC activity by gastrin was measured in the presence of actinomycin D (Figure 4a ). The addition of actinomycin D (2 mg/ml) 15 min before gastrin did not prevent the stimulation induced by 10 nM at 4 h. It is noteworthy that actinomycin D by itself provoked a marked increase in ODC activity (240% above control. The induction by actinomycin has been observed for many enzymes, including ODC, and in a number of dierent cell systems (Wallon et al., 1990) . Gastrin alone caused a 237% stimulation, whereas in the presence of actinomycin D gastrin had an additional eect which was amounted to a 437% increase.
As gastrin still stimulated ODC activity after 4 h of treatment by actinomycin D, we hypothesized that the ODC mRNA must be stable at least during this 4 h period. The measurement of rate of ODC mRNA decay in AR4-2J cells pre-incubated 15 min with actinomycin D con®rmed the stability during 4 h ( Figure 4b ). Indeed, while the ODC mRNA level observed at time 0 was maintained for up to 6 h, the GAPDH mRNA level measured as control on the same membrane was greatly decreased.
Role of ODC 5'UTR on gastrin stimulated translation eciency
To determine the eect of the ODC mRNA 5'UTR on the gastrin-induced translation eciency, we used a series of expression vectors previously constructed in which the ODC 5'UTRs were placed 5'¯anking the CAT reporter gene coding domain, so as to generate hybrid transcripts ( Figure 5a ). In transfected AR4-2J cells, gastrin 10 nM stimulated with the same eciency translation of the chimeric mRNAs containing either the wild ODC 5'UTR or the alternative sequence. In both cases, gastrin stimulated CAT expression 1.5 ± 3-fold ( Figure 5b ). The peptide did not signi®cantly stimulate the translation of the chimeric CAT mRNA without 5'UTR (data not shown), suggesting that gastrin-induced ODC translation was mediated by its 5'UTR. The results presented above were interpreted on the assumption that the insertion of the various leader fragments between the cytomegalovirus promoter (CMV) and the CAT reporter did not in¯uence the expression of 54 kDa min after cycloheximide 0 15 30 60 90
Figure 2 Turnover of enzyme activity and ODC protein after inhibition of protein synthesis by cycloheximide. Subcon¯uent serum-deprived cells were preincubated with or without 10 nM gastrin before exposure to cycloheximide (10 mg/ml). ODC activity was assayed for both pretreated and untreated cells (a), while Western blotting was performed with lysates from cells pretreated by gastrin (b). ODC activity at time 0 was 1.9 nmol CO 2 /mg protein/h for control cells and 4 nmol CO 2 /mg protein/h for gastrin-pretreated cells. Data are mean+s. P-labeled ODC cDNA probe. The two hybridizing species of ODC mRNA (2.2 and 2.6 kb) arise from two polyadenylation sites. The autoradiograms shown correspond to representative experiments that were repeated four times, while numbers represent mean values+standard error (s.e.) of densitometric analysis measured for each experiment these constructs at the transcriptional level. This was con®rmed by Northern analysis of total RNA from transfected cells (Figure 5c ). When equal amounts of RNA were probed with the coding sequence of the CAT gene the signals were comparable suggesting that neither transcription nor transfection were in¯uenced by the presence of the ODC 5'UTR. Furthermore, as gastrin had no dierential eect depending on ODC 5'UTR alternative splicing, we postulated that the two alternative short sequences were not targets for gastrin-dependent control of translation rate.
Rapamycin prevents gastrin-stimulated ODC translation
As gastrin did not stimulate transcripts containing no 5'UTR we attempted to further demonstrate that gastrin-mediated induction of ODC was dependent on the translation machinery that melt secondary structures in the 5'UTR (i.e. eIF4F complex, whose activity is modulated by the rapamycin-sensitive 4E-BP1, as reviewed in introduction). AR4-2J cells were pretreated 4 h with 20 ng/ml rapamycin then kinetic eect of 10 nM gastrin on endogenous ODC activity was monitored (Figure 6 ). Pre-treatment by rapamycin completely prevented the induction of translation mediated by gastrin.
Gastrin regulates 4E-BP1 phosphorylation
The activity of eIF4E is controlled by 4E-BP1 phosphorylation state. Hence, it was of interest to determine the basal (in both proliferating and quiescent cells) as well as gastrin-dependent phosphorylation of 4E-BP1. In immunoblots, 4E-BP1 appears as a triplet, with the more slowly migrating species representing more highly phosphorylated forms.
When compared to proliferating AR4-2J cells, the dephosphorylation observed in quiescent cells increased the electrophoretic mobility of 4E-BP1, resulting in conversion to the lower mobility species (Figure 7a , compared lower to upper panels at time 0).
The kinetic eect of 20 ng/ml rapamycin performed on proliferating AR4-2J cells revealed an inhibition of 4E-BP1 phosphorylation resulting in a decrease in the amount of the slowest migrating electrophoretic isoforms (Figure 7a, upper) . The kinetic eect of 10 nM gastrin was measured in quiescent cells. While the predominant 4E-BP1 isoform was partially phosphorylated in control cells, the intermediary isoform disappeared and the slower (hyperphosphorylated) migrating specie became more apparent in response to gastrin, suggesting a stimulation of the 4E-BP1 phosphorylation induced by gastrin (Figure ODC 5'UTR is not a strong repressor of translation in AR4-2J cells
We have analysed the eect of the normal 5'273 leader and the alternative 5'303 sequences compared to the mRNA containing no 5'UTR in both AR4-2J and COS-7 transfected cells (Figure 8 ). When expressed in AR4-2J cells the normal 5'273 sequence was not a strong inhibitor of translation compared to the expression measured in COS-7 cells. In COS-7 cells, the 5'273 mRNAs were translated at 0.5 ± 2% of the rate of the pCAT mRNAs containing no 5'UTR whereas in AR4-2J cells it was amounted to 15 ± 30%. Thus, ODC 5'UTR-dependent translation repression is 15 ± 30-fold less ecient in AR4-2J cells compared to COS-7 cells.
Furthermore, the relief of translation repression mediated by the alternative short sequences previously described in transfected COS-7 cells, was also observed in transfected AR4-2J cells. Indeed, an additional relief of translation repression was measured in AR4-2J cells transfected with the alternative 5'303 plasmid leading to a ®nal translation eciency amounted to 30 ± 60% of the rate of translation with transcripts containing no 5'UTR. Rapamycin strongly blocks basal ODC translation
Since the results described above suggested that the constitutive high level of translation rate might preferentially concern the mRNA with extensive secondary structure in their 5'UTR (5'303 and 5'273 compared to pCAT), we have investigated the possibility that a deregulated rapamycin sensitive pathway could be involved in the loss of the constitutive repression of translation commonly mediated by the ODC 5'UTR. Rapamycin causes a dose dependent inhibition of the endogenous ODC activity (Figure 9a ). The maximal inhibition (80% under control) was obtained with 20 ng/ ml rapamycin following 4 h of treatment. The Figure 9b shows the kinetic inhibition of ODC activity in response to 20 ng/ml rapamycin treatment. While the ODC activity decreased slowly to a maximal inhibition (80% under control) at 4 h, the inhibition was maintained for up to 10 h.
eIF-4E is overexpressed in AR4-2J cells
The amount of eIF-4E protein in proliferating AR4-2J cells was strongly elevated compared to the expression measured in normal acinar cells. Immunoblots revealed that at least a 30-fold increase in the eIF-4E cellular content (Figure 10 ). No detectable eect was observed on the amount of eIF4E in extracts prepared from cells treated with 10 nM gastrin (data not shown).
Discussion
The ®ndings in this paper strongly support the hypothesis that gastrin-mediated ODC induction occurs at the level of translation initiation. Treatment of AR4-2J cells with gastrin induced ODC activity and changes in enzyme activity re¯ected changes in the amount of ODC protein. Furthermore, gastrin did not aect either the biological half-life of enzyme activity nor the rate of protein degradation, suggesting that the peptide stimulated ODC biosynthesis. The gastrin-mediated increase in ODC protein was not accompanied by corresponding changes in mRNA accumulation. In addition, the induction could be detectable in actinomycin D-treated cells despite the fact that the inhibitor itself stimulated ODC activity. The phenomenon of induction by actinomycin has been observed for many enzymes in a number of cell systems. In the case of ODC, it has been suggested that this compound interacts with the translation machinery, thus facilitating ODC mRNA translation (Wallon et al., 1990 ). Here we con®rmed that actinomycin D induced ODC post-transcriptionally since the inhibitor did not cause an increase in ODC mRNA content. Instead the ODC mRNA level was constant for up to 8 h, whereas the GAPDH messenger almost completely decreased. Figure 9 Dose-response (a) and kinetic (b) studies of rapamycin eect on ODC expression in AR4-2J cells. Two cm-plates serumdeprived cells were incubated with or without rapamycin at indicated concentrations and times. ODC activity was assayed as described in Figure 1 . ODC activity was 2.5 nmol CO 2 /mg protein/hour for untreated cells in the dose-response study, and 2.1 nmol CO 2 /mg protein/hour at time 0 in the kinetic study. Results represent mean of two separated experiments each performed in triplicate 23 kDa 1 2 3 4 Figure 10 Comparative expression of eIF4E protein between AR4-2J tumor and rat normal acinar cells. Rat acinar cells were prepared as described by Amsterdam and Jamiesson (1974) .
Western blot was performed with 60 mg of cytosolic proteins extracted from two separate preparations of acinar cells (lanes 1 and 2) and 20 mg of cytosolic proteins extracted from AR4-2J cells cultured on two independent dishes (lanes 3 and 4). Results are expressed in relative area and two additional Western blots gave similar results. As three times more of total proteins prepared from normal cells were migrated, the 10-fold increase in eIF-4E level observed in AR4-2J cells (indicated by the histograms) amounted to at least a 30-fold increase ODC is one of the most short-lived proteins in mammalian cells (Hayashi and Murakami, 1995) . Nevertheless, an ODC form of unusual long stability due to point mutation in the C-terminus of coding domain has been described in hepatocellular carcinoma (Tamori et al., 1994) . We have examined the half-life of ODC protein in AR4-2J cells. Because the rate of protein degradation was not changed we have concluded that protein sequences responsible for the control of ODC stability were not altered in our model. Furthermore, the short half-life of the protein (15 min) compared to the relative stability of the mRNA (up to 8 h) was consistent with a critical role for translational control in the modulation of ODC accumulation.
These results were supported by transient transfection studies using exogenous plasmid constructions containing various ODC 5'UTRs. The two 5'UTRs placed 5'¯anking the CAT reporter gene arise from an AR4-2J-speci®c alternative splicing. The alternative form (5'303) is lengthened by two short UC-rich sequences located downstream of the 5'-most 115 bases, a GC-rich region predicted to form a very stable stem-loop structure responsible for the constitutive inhibition of ODC mRNA translation (Manzelle et al., 1994) . We have previously shown that these sequences were able to relieve ODC mRNA translation repression in a cell-free translation system (reticulocyte lysate) as well as in vivo studies (transfected COS-7 cells) (Pyronnet et al., 1996) . In the present study, while gastrin appeared to have no signi®cant eect on the expression of hybrid transcript containing no 5'UTR, translation of transcripts with extensive secondary structures was speci®cally stimulated. However, gastrin stimulated translation of both alternative and wild type transcripts with the same eciency suggesting that alternative short sequences are not targets for gastrin regulation of ODC mRNA translation. Thus, mechanisms by which additional polyUC sequences located downstream of the inhibitory extensive secondary structure and directly upstream the AUG initiation codon relieve translation, remain to be understood.
These data raised the possibility that gastrin could preferentially aect translation from mRNAs, such as ODC, whose 5'UTRs exhibit signi®cant secondary structures. Similar results were obtained with insulin. This hormone, by activating a PI3-kinase dependent cascade, regulates 4E-BP1 functions and consequently controls translation rate dependent on eIF-4E availability . 4E-BP1 phosphorylation is also stimulated by some growth factors such as IGF-1 and PDGF (Graves et al., 1995) . In our study, results obtained with gastrin represent the ®rst demonstration of a G protein-coupled receptor-mediated control of 4E-BP1 phosphorylation. The gastrin-mediated 4E-BP1 phosphorylation is correlated with the stimulation of ODC mRNA translation.
Rapamycin completely prevents gastrin induction of ODC protein suggesting that gastrin stimulation of ODC is totally mediated by the rapamycin-sensitive signal transduction pathway. This signaling cascade involves the FRAP protein which in turn regulates the activity of p70 S6 kinase and probably that of 4E-BP1. Several reports documented a speci®c eect of rapamycin on the inhibition of 4E-BP1 phosphorylation without aecting the activation of MAP kinases (Beretta et al., 1996; Von Manteuel et al., 1996) . Results described in this report combined with previous studies (Todisco et al., 1995) show that the growth promoting eect of gastrin on AR4-2J cells is mediated by multiple signaling pathway downstream the G protein-coupled receptor. One implicates the rapamycin-sensitive pathway leading to 4E-BP1 phosphorylation and consequently the relief of ODC proto-oncogene translation repression and one involves the ras-dependent MAPK pathway leading to transcriptional increase of multiple proteins.
It is also noteworthy that rapamycin strongly aected basal ODC biosynthesis (80% inhibition). In earlier experiments this compound was shown to reduce only 40% of the cap-dependent translation (Beretta et al., 1996) . Thus, ODC mRNA translation appears to be a preferential target for rapamycin. This is consistent with the hypothesis that translation of mRNA containing extensive secondary structures in their 5'UTR would be more severely aected by rapamycin treatment than mRNAs with reduced secondary structures (Beretta et al., 1996) . The dramatic eect of rapamycin on cellular ODC production strongly suggests that, AR4-2J cell line, endogenous ODC overexpression would be mainly attributed to the cap-dependent translation initiation step. This hypothesis was supported by additional experiments described in this paper. Expression in AR4-2J cells of hybrid mRNAs containing ODC 5'UTRs was not strongly repressed compared to the translation rate measured in other cell types (COS-7 cells in our study, various cell lines in many publications). This raised the possibility that the translation initiation machinery dependent on the melting of extensive secondary structures could be altered in AR4-2J cells. The huge elevation of cellular eIF-4E protein content we found here (at least 30-fold increase in AR4-2J compared to normal acinar cells) combined with the high degree of constitutive 4E-BP1 phosphorylation may be responsible for the large relief of ODC proto-oncogene mRNA capdependent translation repression.
It has been demonstrated that the eIF-4E gene may act as a proto-oncogene since its expression at very high level leads to transformation of NIH3T3 and rat2 cells (Lazaris-Karatzas et al., 1990) . It was postulated that an enhancement of the eciency of translation initiation of certain oncogenes and growth factors with relatively long and structured 5'UTRs would represent a general mechanism by which eIF-4E transforms cells. ODC gene has been shown to be a target for eIF4E in stable transfected cells overexpressing the initiation factor (Rousseau et al., 1996; Shantz and Pegg, 1994) . We describe here a new model in which eIF-4E gene product is constitutively hyper-expressed and additional evidence for the crucial role of translational events in the transforming capacity of ODC gene induction.
Materials and methods
Cell culture
AR4-2J and COS-7 cells were routinely grown in Dulbecco's Modi®ed Eagle Medium (glucose 1 g/L) supplemented with 10% (AR4-2J) or 5% (COS-7) foetal calf serum. They were seeded at 2610 5 cells/ml and the medium was changed every 2 days.
Lewis Rat pancreatic acinar cells were obtained according to the technique developed by Amsterdam and Jamiesson (1974) .
Measurement of ODC activity
ODC activity was measured in cytosolic extracts from AR4-2J cells as described (Scemama et al., 1989) . Brie¯y, cells were lysed in a Tris-HCl (100 mM)-EDTA (1 mM)-DTT (1 mM)-containing buer by freeze-thawing them with liquid N2 and then centrifuged at 100 000 g for 10 min. Supernatants were incubated in the presence of pyridoxal 5'phosphate (50 mM), L-14 C ornithine (0.25 mCi), and L-ornithine (0.2 mM). Protein content was measured by the method of Bradford with the use of bovine serum albumin as standard (Biorad assay). Released 14 CO 2 was quanti®ed and ODC activity was recorded as nanomoles of CO 2 produced per milligram of protein per hour.
Northern blot
Total cellular RNA were prepared from AR4-2J cells, by the RNAzol B method (Bioprobe System) derived from the guanidinium isiothiocyanate procedure. Ten mg of RNA were size fractionated on 1.2% formaldehydeagarose gel electrophoresis, stained with ethidium bromide to assess integrity and migration of the RNA and transferred to a nylon membrane (Hybond, Amersham) . No variation of the intensity of 18S and 28S ribosomal RNA was observed following image analysis of the ethidium bromide staining gel. The hybridization assays using ODC, GAPDH and CAT cDNA probes were performed as previously described (Sambrook et al., 1989) . X-ray ®lms were subjected to a densitometric analysis using a Biocom apparatus (Biocom). Results are expressed in relative area, which includes two variables: the surface and the intensity of each band.
Transient transfections
COS-7 monkey cells were transiently transfected by the DEAE-dextran method (Barneji et al., 1983) . Plasmids at the indicated concentrations were incubated with the cells for 20 min at 378C in the presence of 1 mg of DEAEdextran per ml; chloroquine was added at 40 mg/ml, and incubation was continued for 4 h. Plasmids were removed and cells were incubated in 10% dimethyl sulfoxide for 2 min. After transfection cells were incubated for 48 h in DMEM 5% FCS at 378C and 5% CO 2 .
Subcon¯uent AR4-2J cells were transfected using the DOTAP reagent (Boehringer) according to the manufacturer's instructions. Brie¯y, various quantities of plasmid DNA were mixed with 50 ml HEPES. Fifteen ml of DOTAP reagent were mixed with 50 ml of HEPES. The plasmids-and DOTAP-containing solutions were combined and incubated at room temperature for 15 min. Thereafter, the mixed solution was layered onto the cell culture containing 2 ml of DMEM without FCS for 4 h. After transfection the cells were incubated for 30 h in DMEM 10% FCS at 378C in 5% CO 2 . The next day the medium was removed, and the cells were fed with serum free medium for 18 h, then incubated 4 h with or without gastrin.
AR4-2J or COS-7 cell lysates were prepared by scraping the cell monolayers. Cell pellets were resuspended in 0.1 M Tris (pH 7.8) and frozen-thawed twice in liquid nitrogen. Total proteins were evaluated by the Bio-Rad assay (A 595 ), and the cell lysates were used for Western blots.
Antibodies and Western immunoblotting
ODC antibodies were generated by immunizing two rabbits with a pentadecapeptide (KEQTGSDDEDESNEY) having a sequence derived from the rat ODC protein. Antibodies to eIF-4E (Leijbkowicz et al., 1992) and to 4E-BP1 were generated in rabbits. CAT protein was immunodetected with rabbit anti-CAT antibodies (5'-3').
The cell lysates prepared for Western blotting were heated for 2 min (ODC and eIF4E) and for 7 min (4E-BP1) at 1008C in sodium dodecyl sulphate-and dithiothreitol-containing sample buer, separated in a 12% (ODC and eIF4E) and in a 15% (4E-BP1) polyacrylamide gel and transferred onto a PVDF membrane. Primary antibodies were detected with an enhanced chemiluminescence kit (Amersham). Membranes were exposed to X-ray ®lm and signals were subjected to a densitometric analysis using a Biocom apparatus (Biocom). Results are expressed in relative area.
Metabolic labeling and immuno-precipitation
Subcon¯uent AR4-2J cells (10 cm plates) were incubated at 378C for 3 h in serum-free DMEM containing 0.5 mCi/ml 32 P-orthophosphate (DuPont NEN, 3000 mCi/mmol).
Cells were pre-treated 15 min with rapamycin (20 ng/ml), followed by the addition of 10 nM gastrin. Cells were scraped in lysis buer (consisting in 50 mM HEPES pH 6.8, 150 mM NaCl, 10 mM EDTA, 0.1% Triton X-100, 5% glycerol, proteaseIN [Boehringer] ) and total radioactivity was monitored by spotting 1, 2, 5 and 10 ml onto a phosphocellulose (P81) paper, which was washed extensively with 75 mM phosphoric acid and dried.
Bound radioactivity was measured by scintillation counting. Same amounts of radioactivity were incubated 3 h at 48C together with 30 ml of 11209 crude antisera per ml of extract. Protein A beads were added and incubation was carried out 2 h at 48C. Beads were then washed three times with lysis buer and two times in LiCl solution (200 mM LiCl, 1 mM DTT). Immunoprecipitated material was subjected to 15% SDS ± PAGE, transferred onto PVDF membranes (Immobilon P, Millipore), which were dried and autoradiographed.
Abbreviations ODC: ornithine decarboxylase; 5'UTR: 5' untranslated region; CAT: chloramphenicol acetyl transferase; eIF4E: eucaryotic initiation factor 4E; 4E-BP1: eIF4E binding protein 1; FRAP: FK506 and rapamycin-associated protein; GAPDH: glyceraldehyde 3-phosphate dehydrogenase
